Background: Obesity is a well-known cause of cardiovascular disease burden and premature death, but effects on psychological morbidity remain uncertain. This article reports findings following a systematic review of epidemiological studies to determine whether obesity causes depression. Methods: Multiple databases were searched for English-language studies of etiology of obesity (exposure variable, analyzed as an ordered category) on depression outcomes (dependent variables, continuous or categorical). Studies in children and in women during pregnancy or postpartum were excluded, as were nonrepresentative cross-sectional studies. Searches and identification of studies for inclusion were performed by EA, whereas a descriptive synthesis of important study characteristics was undertaken independently by us. Results: We reviewed 24 out of approximately 4500 potentially relevant studies; 4 were prospective cohort studies and 20 were cross-sectional studies (10 from the United States). Effect measures reported in all prospective cohort studies were consistent and suggested that obesity may increase the odds of future depression outcomes (symptoms or nonclinical diagnosis of depression). Effect measures reported in most cross-sectional studies from the United States supported the hypothesized association between obesity and prevalence of depression outcomes for women but not men, in contrast most cross-sectional studies from populations other than the United States consistently failed to find such associations. Conclusions: Overall, there is a weak level of evidence supporting the hypothesis that obesity increases the incidence of depression outcomes. Few high-quality prospective cohort studies exist, and cross-sectional studies account for the vast body of published evidence, and therefore firm conclusions for causality cannot yet be drawn. Our finding warrants additional highquality etiological research on this topic.
Introduction
Major depression increases the risk of mortality [1] [2] [3] [4] and is one of the most prevalent psychiatric disorders in developed populations. [5] [6] [7] Studies of depressive symptoms account for most etiological studies of obesity and psychological morbidity. Obesity is a well-known cause of cardiovascular disease burden and premature death, [8] [9] [10] but effects on psychological morbidity remain unclear. 11, 12 Dysregulation of the hypothalamic-pituitary-adrenocortical system seen in some obese and depressed patients is believed to provide some evidence of a plausible biological explanation for causality, 11, 13, 14 whereas studies showing remission of depressive symptoms following surgically induced weight loss in obese patients provide some evidence of reversibility of the effect of obesity, [15] [16] [17] [18] [19] and there is some evidence of a dose-response effect of obesity severity on odds of depression. 20 Several reviews have provided narrative assessments and expert opinions on the body of etiological evidence reporting obesity effects on depression, 11, 12 however, none of these used systematic review methodology, and additional studies have since been published. 5, 21, 22 Identifying potential causal factors of depression is important epidemiological information so that resources can be allocated to help prevent future occurrences. This article reports findings following a systematic review of epidemiological studies to determine whether obesity causes depression. Databases were searched for English-language articles using the keywords 'depression', 'depressive disorder', 'psychiatric disorder', 'mood', 'affective disorder', 'MDD', 'psychological distress', and 'mental health', and combined with those identified using the keywords 'overweight', 'obesity', 'body mass index' and 'BMI', which yielded approximately 4500 potentially relevant studies. Titles and/ or abstracts of these articles were manually searched to identify studies relevant for inclusion. Reference lists of fulllength articles of studies retrieved for inclusion were hand searched to identify additional studies potentially relevant for inclusion. Several experts were contacted and sent a preliminary list of studies retrieved for inclusion to determine the existence of additional studies not yet identified.
Methods

Literature search
Inclusion and exclusion criteria
All English-language studies of etiology of obesity (exposure variable, analyzed as an ordered category) on depression outcomes (dependent variables, continuous or categorical) were considered for inclusion. An initial literature scope revealed that there was substantial methodological heterogeneity between studies for defining depression or depressive symptoms, and therefore prespecified levels of depression/ symptoms on psychometrics or via clinical diagnoses for study inclusion were not required. Studies in women during pregnancy or postpartum were not considered because of unstable body weight changes during these periods. Studies in children (aged less than 12 years) were also not considered, and there was no upper age limit for including studies in adults. Cross-sectional studies that did not use a representative sampling procedure were excluded.
Data abstraction and quality assessment Search and identification of studies for inclusion were performed by EA, whereas data abstraction and quality assessment were performed independently by us, experienced in conducting systematic reviews. We resolved discrepancies following independent data abstractions and quality assessments until there was 100% agreement. For methodology and quality assessment, the following quality checklist was developed based on items widely used for assessing epidemiological studies 23, 24 to identify potential sources of bias: (1) were depression outcomes assessed using clinically valid/precise tools/instruments?, (2) was obesity determined using measured anthropometry (as opposed to self-report)?, (3) was the study population sufficiently described (gender and age distributions)?, (4) was the sampling process sufficiently described (sampling frame (for example, telephone directory, electoral register), sampling method, sample size (for example, how was sample size determined?))?, (5) was a sufficient response or attrition rate achieved (X60%)?, (6) were characteristics of dropouts or nonresponders reported? and (7) 
Data synthesis
A descriptive synthesis of important study characteristics was undertaken independently by us, including ranking levels of evidence (I-IV), sample characteristics, study design, length of follow-up (for cohort studies), exposure variable characteristics, dependent variable characteristics, list of covariates used in adjustment and effect measures. A quantitative synthesis of effects was not attempted because of substantial methodological heterogeneity between studies in determining obesity and depression outcomes, and in effect measures, as well as insufficient data on participant numbers with and without depression.
Results
A flowchart summarizing identification of potentially relevant studies, and those included and excluded is presented in Figure 1 . Characteristics of studies excluded appear in Supplementary Table 1 . Approximately 4500 publications were identified following our multiple database search, of which 21 studies were initially identified for inclusion. Following hand searches of their reference lists, a further three studies were identified for inclusion resulting in 24 studies; four were prospective cohort studies, and 20 were cross-sectional studies. Nineteen cross-sectional studies were excluded based on criteria stated above (nonrepresentative sampling procedure was used). Due to systematic similarities among studies for some characteristics, studies have been described and synthesized below according to two distinct subsets of levels of evidence. Important study characteristics of prospective cohort and cross-sectional studies included for review appear in Tables 1 and 2 , respectively.
Prospective cohort studies
Overall, prospective cohort studies provide a moderate level of evidence suggesting that obesity is associated with a future occurrence of depression outcomes (that is, depressive symptoms or nonclinical diagnosis of depression) at several time points. Of the four prospective cohort studies, 22, [29] [30] [31] three were from the same study population (Alameda County Study, United States), of which findings were published for 1- 29 and 5-year follow-ups. 30 consisted of approximately equal numbers of boys and girls at baseline, and reported that obesity in boys and girls aged 14 years increased the odds of depressive symptoms at 17-year follow-up for men but not women. Whether or not obesity preceded the onset of depressive symptoms cannot be determined because depressive symptoms were not assessed at baseline, and therefore these data relate to prevalence as opposed to incidence. All the prospective cohort studies lacked at least three of the seven important quality items from our checklist (Table 3) , and therefore we believe there is a moderate risk of bias due to the potential for misreporting height/weight, insufficient sample sizes, differences between dropouts vs non-dropout status and to confounding from covariates such as physical activity and smoking. Despite a lack of statistical significance for three of five analyses, OR with narrow ranging confidence intervals were reported in all prospective cohort studies, and were in the direction supporting the hypothesis that obesity increases the risk of future depression outcomes. 32 another did not perform statistical analyses but reported greater mean differences (obese vs normal) in percentage of those with depressive symptoms among women compared to men (6.7 vs 2.5%), 42 whereas one study reported no significant effect measures for men or women. 45 Thus most studies from the United States reported effects favoring the hypothesized association between obesity and depression outcomes for women but not men. All remaining five studies from the United States that analyzed men and women pooled reported positive associations between obesity and depression outcomes, 5, 20, 43, 46, 48 although in one of these significant associations were only found with severe obesity (body mass indexX40). 20 Nine studies from the United States lacked most (X3) of the important quality items from our checklist (Table 3) indicating several potential sources of bias. With exception, one study had five of seven quality items which, as described above, was the only to have reported no effects (nonsignificant OR with wide ranging confidence intervals) for men or women. 45 Overall, cross-sectional studies from populations other than the United States consistently failed to find significant associations between obesity and depression outcomes. There were two studies from the United Kingdom, 33 34, 35, 39, 43, 47 Of these 10 studies, 1 study reported that obesity conferred significant OR for depressive symptoms for men and women pooled, 38 whereas another, in contrast, reported a significant decreased OR for depression for men and women, 39 and the remaining 8 studies reported small or no effects (nonsignificant OR with wide ranging confidence intervals). [33] [34] [35] [36] 40, 41, 43, 47 Thus only one study reported positive effects for men and women pooled, 38 whereas another reported negative effects for men and women analyzed separately, for associations between obesity and depressive symptoms. 39 Results from the remaining eight studies from populations other than the United States do not support the hypothesized association between obesity and depression outcomes. [33] [34] [35] [36] 40, 41, 43, 47 Similar with studies from the United States, eight of these studies lacked most (X3) of the important quality items from our checklist (Table 3) , again highlighting several potential sources of bias.
Cross-sectional studies
Discussion
Overall, the body of evidence systematically reviewed indicates that there is some level of support for the hypothesized association between obesity and incidence of depression outcomes (that is, depressive symptoms or nonclinical diagnosis of depression). There was consistency among the few prospective cohort studies but effects were not strong, as all studies were riddled with several potential sources of bias, and have limited generalizability as samples consisted mostly of middle-aged to older adults from two populations (Finland, United States). Cross-sectional studies from the United States consistently showed associations between obesity and prevalence of depression outcomes for women and men pooled, and only for women but not men when analyzed separately; whereas cross-sectional studies from other populations consistently failed to show any such associations. Consequently, the overall existing body of evidence is graded to be weak. We stratified studies into two main subsets for our descriptive synthesis, and qualitatively explored systematic differences between studies within these subsets to identify factors that could explain trends for effect measures and/or inconsistencies. Gender was the only factor in crosssectional studies from the United States that clearly explained positive associations for women, and null or negative associations for men between obesity and depression outcomes. This may reflect unique cultural differences between the United States and other populations. However, a recent cross-sectional study found that obesity increased the odds of depressive disorders for women only following a meta-analysis of effects from several populations, and that depressive disorders were uniformly more prevalent among ). Thus, systematic inconsistencies between these subsets of studies may be attributable to chance, as the existing body of evidence is overrepresented by studies from the United States.
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Obesity may increase the risk of depression outcomes among subgroups of individuals with specific co-morbidities and hence additional factors may explain the equivocal results found in the present review. For example, depression prevalence is highest among individuals with disordered eating, namely binge eating, in randomly sampled crosssectional studies 50, 51 as well as case-control studies in obese individuals seeking 52, 53 and nonseeking weight-loss treatment. 54, 55 Depression prevalence is also highest among individuals with symptoms of bodily pain. 56 Further, crosssectional evidence from a regionally representative sample revealed dose-response effects of obesity severity on the prevalence of self-reported experiences of bodily pain (at least monthly). 57 Bodily pain is likely to precede depression as prospective cohort studies have not shown a strong association between depression and bodily pain incidence. 58, 59 Conversely, obesity is associated with an increased risk of developing bodily pain, particularly in the knee joint, 60,61 whereas surgically induced weight loss results in recovery of bodily pain, 60 which provides strong evidence of causality. Therefore, obesity effect on depression outcomes may be mediated by bodily pain among some individuals. Whether depression is causal, coincidental or consequential of coexisting eating disorder and bodily pain among obese individuals cannot yet be determined as none of the studies included in the present review reported any such data. Psychosocial factors among obese individuals may be involved in the psychopathology of depression. Internalization of negative weight-based stereotypes, 62 low-weight self-efficacy 63 and negative self-body image 64, 65 are associated with an increased risk of depression outcomes among obese individuals. Psychosocial factors may increase the risk of depression regardless of weight status. In a recent nationally representative cross-sectional study, 66 investigators found that overweight perception rather than obesity significantly increased the odds of medium and high psychological distress (40 and 50%, respectively) for men and women in a pooled analysis. Individuals' perceptions of societal 'ideals' for body weight/image are likely reinforced through popular media, which predominately transmits images of thin body weight individuals not representative of the general population, 67 and negative stereotype messages of overweight individuals, 67,68 both of which are likely causes of these psychosocial factors. 69 Several of the psychopathological factors described above are strongest in women 52, 63, 67, 68 and may explain the 2-to 3-fold higher rate of obese women seeking weight-loss treatment compared to obese men. 52, 53, 65 The general consistency in the existing body of evidence for obese women is therefore partly attributable to stronger associations with psychopathological Obesity effects on depression E Atlantis and M Baker Biological factors among obese individuals may also be associated with depression psychopathology. Abnormal hormone concentrations of the hypothalamic-pituitaryadrenal system may occur among obese individuals with 70 and without depressive symptoms, 71 obese with binge eating disorder, 72 depressed with bodily pain, 73 and has been widely hypothesized to be etiologically linked to depression. 11, 13, 14 Although the available evidence base is equivocal and insufficient. Future epidemiological studies that collect sufficient biological information in obese individuals would permit explorations on potential links with depression and may create important new knowledge on this topic. Consequently, obesity may increase the risk of depression mostly for individuals with coexisting binge eating disorder and/or bodily pain that are likely mediated by several psychosocial factors, and could also be linked with biological factors. Although well-designed prospective cohort studies in several populations are still needed to provide evidence of causality. If causality were confirmed, coexisting eating disorders, bodily pain and associated psychopathological and/or biological factors among obese individuals would provide important targets for preventing future occurrences, with very large clinical implications given the mortality burden of major depression.
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Systematic reviews help guide research by identifying caveats in existing bodies of evidence. Future etiological research should include high-quality prospective studies that simultaneously collect sufficient information on potential psychopathological factors described above to determine which subgroups of obese individuals are associated with an increased risk of incident depression. Sufficient data for numbers of participants with and without depressive events should be reported to allow for pooling of effect measures, for meta-analyses. Investigators need to determine sample size a priori, collect information for nonresponders or dropouts and adjust for important covariates to adequately address main sources of bias.
In summary, this systematic review has identified a weak level of evidence supporting the hypothesis that obesity confers an increased risk of depression outcomes. Few highquality prospective cohort studies exist, and cross-sectional studies account for the vast body of published evidence, and therefore firm conclusions for causality cannot yet be drawn. Our finding warrants additional high-quality etiological research on this topic. A description of why a quality item was judged to be missing may appear in parenthesis.
a Education, income and employment or similar terms were accepted as proxy variables for socioeconomic status.
b History or presence of chronic diseases or similar terms was accepted as proxy variables for health status.
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